The results of an investigation of the ergasiophytes (species deliberately introduced to a region for cultivation) of the Ukraine (458 species) are presented. The systematic, life forms and morphological types of plants with respect to soil moisture spectras, origin and degree of naturalisation of species of thіs group are analyzed. A annotated list of ergasiophytes is provided.
Introduction
By the end of the 20th century, invasions of alien organisms, including plants, were widely realized as one of the major global threats to biodiversity (Pyšek et al. 1995; Baldacchino & Pizzuto 1996; Mooney & Cleland 2001; Reichard & White 2001; Kowarik 2002; Protopopova et al. 2002 Protopopova et al. , 2003 Chornesky & Randall 2003; Davis 2003; Sax & Gaines 2003, etc.) .
Ergasiophytes (species deliberately introduced to a region for cultivation) play a significant role synanthropisation, the process by which the native flora of a region becomes replaced by alien species. These species generally are delivered into a new region from places where they were cultivated. Therefore they are partially adapted to condition of anthropogenic habitats. So these species can adapt more easy and quickly to new conditions. The detection of the new species of alien invasive plants before they become invasive, with the aim of preventing their uncontrolled spread is one of necessary conditions of the Convention on Biological Diversity (1994) , the Global strategy on invasive alien species (2001), the European strategy on invasive alien species (Genovesi & Shine 2004 ) and other international programmes and documents. It is the responsibility of every country which signed them, including Ukraine.
In compiling the list of the Ukrainian alien fraction flora has drawn attention to the increasing role of species which have been intentional introduction into the culture and later escaped. The number of ergasiophytes increases and many of the species are characterized by a high degree of naturalization. Therefore the necessity of special complex study of ergasiophytes arises.
The main aim of the study was to clarify of modern species composition of the Ukrainian flora ergasiophytes and their some characteristics.
The objectives of the study included: 1) inventory of ergasiophytes species, and preparation of the annotated list; 2) generalization of their systematic, biological and ecological characteristics, origin, as well as determination of the degree of naturalization in the region.
Material and methods
The present research focuses on the ergasiophytes of the Ukrainian alien fraction flora. The investigations are based on original data obtained by routine surveys in 2010-2014, the analysis of data in the literature and examinations of the collections of the Herbaria of M. G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine (KW), Donetsk Botanical Garden, NAS of Ukraine (DNZ), Uzhgorod National University (UU), Y. Fedykovych National University (CHER), I. Franko Lviv National University (LW), T. Shevchenko Kyiv National University (KWU), I. I. Mechnikov Odessa National University (MSDU), V. N. Karazin Kharkiv National University (CWU), V. I. Vernadskyi Tavrian National University (SIMF), Crimean Branch of Agrotechnology Institute of National University of Biological Resources and Natural Uses (CSAU), Nikita
Results
Studies of alien plants over 25 year period testified that the process of synanthropisation of the floras of natural zones (Forest, Forest-Steppe, and Steppe and their divisions) and in the Ukrainian flora in general has been constantly progressing. We can observe clear tendencies for the number of alien species to increase, the growth of both 'naturalised' or 'stable' (agriophytes, agrio-epoecophytes, epoecophytes, colonophytes) and 'unstable' (ephemerophytes, ergasiophygophytes) components of the alien fraction of the flora, growing rates of immigration and dispersal, an increasing number and scope of invasions of certain invasive species (Protopopova et al. 2002 (Protopopova et al. , 2003 .
The ergasiophyte group of the Ukraine, according to our data, is represented by at least 458 species of vascular plants from 297 genera and 92 families (see Appendix 1), or 46.3% of the alien fraction flora and 7.5% of total number of the Ukrainian flora. Tendency of increasing number of the Ukrainian alien fraction flora (black line) and ergasiophytes group species (gray line) during 150 years is presented on Fig. 1 .
The taxonomic spectrum of leading places of ergasiophytes of the Ukrainie includes 12 families: Asteraceae (59 sp.), Rosaceae (36), Fabaceae (34), Brassicaceae and Poaceae (24 each), Apiaceae (16) Lamiaceae (14), Solanaceae (13), Caryophyllaceae (12), Polygonaceae (10), Chenopodiaceae and Malvaceae (9 each). These leading families comprise 260 species or 56.8% of the total. Three of leading families comprise 130 species or 28.6%. Other families contain from eight to one species, including 28 families which are presented only one or two species. The taxonomic spectrum of the leading families of ergasiophytes differs from the general spectra of the Ukrainian alien fraction flora as does the relative position of the families (excluding Asteraceae) and the presence of new ones (Rosaceae, Solanaceae, Polygonaceae).
The taxonomic spectrum of the leading genera of studied group is not clearly expressed. The largest number of species (7) are from the genus Helianthus L. The genera Opuntia Mill. and Symphyotrichum Nees include six species each; Acer L., Allium L., Amaranthus L. and
and Vitis L. -four species each; 26 genera include three species each, 40 genera -two species each, and 214 -only one species each.
In the spectra of life forms of species of ergasioIn the spectra of life forms of species of ergasiophytes of Ukraine (Fig. 2) , as in the alien fraction flora, annuals prevail (142 sp. or 31%), but their participation percentage is lower. The second position is occupied by Fig. 1 . Dynamics of the number of the Ukrainian alien fraction flora species (black line) and the Ukrainian ergasiophytes (gray line) herbaceous perennials (134 or 29.3%). A pecularity of the spectra is the high participation of the shrubs and trees, among them there are 58 shrubs, 51 trees, 23 shrub or tree, 2 semishrubs (in total 133 species or 29.3%). Other groups do not include numerous species and are represented by from three to one species.
Among the ergasiophyte species of the Ukrainian flora with respect to soil moisture ( Fig. 3 ) xero-mesophytes prevail (196 species or 42.8%). The second position occupied mesophytes (176 or 38.4%), the next position -meso-xerophytes (41 or 8.9%) and xerophytes (31 or 6.7%). The other groups, hydrophytes, hygroThe other groups, hydrophytes, hygrophytes, hygro-mesophytes and hydro-mesophytes, are unnumerous and presented from six to one species.
The species of ergasiophytes of the Ukrainian flora e vary in origin. With regard to their primary area of origin (Fedorov 1974 (Fedorov -1987 Tzvelev 1989 Tzvelev -1994 Tzvelev , 1996 Tzvelev -2004 ergasiophytes are divided into a number of types. The basis for this group is presented by origin from North America (105 species), the Mediterranean (85), East Asia and Asia (26 each). The next large groups are South American (16), South European (15), Caucasic (13), West Mediterranean (11) and West European (10) in origin. The group of hybrid origin is represented by 16 species. Other groups do not include numerous species and are represented by from nine to one species, including 27 types of area and subdivision which consist one species only.
With respect to the time of immigration, the species of ergasiophytes of Ukrainian flora are divided in to archaeophytes (9 species) and kenophytes (449). Some species have a different status in different natural zones of Ukraine, e.g. the species Acer tataricum L. which is native in Forest-Steppe zones or Rubus idaeus L., native in Forest zones, are kenophytes in Crimea.
With regard to their degree of naturalization, the species of ergasiophytes of the Ukrainian flora may be divided into the 7 groups. e.g. agriophytes (27), agrioepoecophytes (21), agrio-colonophytes (1), epoecophytes (22), colonophytes (66), ephemerophytes (43) and ergasiophygophytes (278). The degree of naturalization of numerous species differs in the various botanical and geographical regions of the Ukraine, e.g., Antirrhinum majus L. is an ergasiophygophyte in major of regions of Ukraine and an agriophyte in Crimea.
The extent of distribution of species of ergasiophytes varies. The distribution of a large part of the ephemerophytes and ergasiophygophytes has a pattern of a single or a few localities; some of them however were cultivated over a long period of time and are very common and sporadically distributed throughout the territory of the Ukraine. The majority of epoecophytes and colonophytes are distributed in more than three botanical and geographical regions of the Ukraine. Agriophytes are a component of plant communities in one or two regions. A tendency to active spread is most evident for agrio-epoecophytes and epoecophytes. The distribution of agriophytes is limited by the presence of corresponding plant communities susceptible to invasion. Thus, from the 458 species of ergasiophytes 137 or 29.9% were considered to be completely naturalized. Among them we have identified 31 species or 6.7% which may be defined as invasive, including 17 species or 3.7% transformers.
The cultivation of plants in Ukraine has an ancient history. The primary centres of cultivation were the monasteries which cultivated mainly medicinal plants, later apothecary gardens and private parks where numerous ornamental plants were planted. One of the first botanical gardens were created in Lubny (1721) We have attempted to reconstruct the main stages of naturalization of some ergasiophytes (Table 1) .
For the most part of this group, data about their first cultivation are absent. The literature (Palimpsestov 1855; Protopopova 1973; Vynogradova et al. 2010; Mayorov et al. 2012, etc.) , Herbaria matherials, and original data concerning the naturalization of transformer species shows that the period from the first note as escaped plants to their expansion is from over 20 years to 100 or more, e.g. Impa tiens parviflora DC. was known in cultivation in Ukraine from 1871 in Lviv gardens and parks, and from 1895 -in Dublyany park (Lviv Region). About 40 years later (1908) the first escaped plants of this species were noted in the Lviv area and in the Сarpathians. The active distribution of this species was beginning 50 years ago and continues at present. In Europe as a whole, this period has lasted 50 years longer. Now in Polissya (the Forest zone) the species has been noted in plant communities of the QuercoFagetea Br. (Protopopova et al. 2000 Protopopova & Shevera 2013a , 2013b Vinogradova et al. 2010) . These examples show the different rates at which some species adapt to new conditions. Now ergasiophytes are registered in Ukraine as components of almost all types of semi-natural and natural 
Discussion
The spectrum of ergasiophytes according to origin of species are differentiated by large variety, however the success of species naturalization persists in those groups that in the general range of the Ukrainian alien fraction flora. The greatest success has a species of the North American and East Asian origin. As in the general spectrum of the Ukrainian alien fraction flora among ergasiophytes the species of Mediterranean origin are dominated, however most of them have a low degree of naturalization. Feature of the life form spectrum is higher percentage of perennials, shrubs and trees among the ergasiophytes; and in the morphological types of plants with respect to soil moisture spectrum the mesophytes group (in an aggregate) is dominated compared with the general spectrum of the Ukrainian alien fraction flora.
Growing of the species in culture at the first stages under the conditions of new region facilitate the naturalization of plants. In the literature (Vynogradova et al. 2010 ) the opinion was expressed that the seed and planting material are often imported not from primary habitats, and of the places where these species are cultivated. And that means they are already partly preadapted to the culture conditions. Nowadays this is also evidenced by reducing the time of naturalization of certain species. Increasing the number and diversity of anthropogenic and disturbed natural ecotopes that contribute to the emergence of new niches facilitates the introduction of alien species into synanthropic and disturbed natural plant communities. For example, in Ukraine due to changes of climatic conditions the mesophytisation of the Steppe zone ecotopes is observed, the changing of their water and salt regimes is noted (Vyshnevsky 2000) . It has caused suppression of several species of local flora and facilitated naturalization of some ergasiophytes adapted to the conditions which have arisen. For example, Elaeagnus angustifolia actively consumes water resources and overcompetes many local species; it is a salt-tolerant species. It forms stands that change the light mode of the herbaceous vegetation layer in Steppe zone communities, thus affecting the species composition and the structure of plant communities. This species forms the association Elaeagnetum angus tifoliae Chinkina, and occupies specific econiches in other communities, e.g., Hippophoaeta rhamnoidis, thus promoting degradation of aboriginal communities. The species E. angustifolia shows high invasive ability to penetrate many different types of habitats (ecotopes) and plant communities, which occurs in different floristic complexes (natural: psammophyton, pratophyton, halophyton, steppophyton, drymophyton, petrophyton, litoralophyton, and anthropogenic: aggeratophyton, and runkatiodrymophyton). The species occurs mostly on sandy and riverside semi-natural ecotopes with unstable and sparse plant cover. The most diversity of plant communities with participation of E. angustifolia is observed in sandy (8 associations) and riverside (7 associations) biotopes with sparse vegetation.The main limiting factors for the species distribution in the studied region are excessively humid ecotopes (Protopopova et al. 2006 (Protopopova et al. , 2009 .
Conclusion
The above data shows that, the ergasiophyte group, represented by 458 species in Ukraine, plays a significant role in the enrichment of spontaneous flora (Protopopova & Shevera 2013a , 2013b 
